that is, coping characteristics of high intrinsic effort, as defined by the concept of "need for control."9 Extrinsic efforts, as defined by a high workload, are also specified. On the other side, this model also takes three different sources of rewards into account: money, esteem, and occupational status control (promotion prospects, job security). The focus is on a negative trade-off between experienced "costs" and "gains" at work rather than on specific job task characteristics, as in the job strain model.
In a prospective study among German Coronary Heart Disease Three indicators of coronary heart disease were analyzed: angina pectoris, doctor-diagnosed ischemia, or either of these outcomes. Angina pectoris was measured by the Rose questionnaire and defined as pain located over the sternum or in both the left chest and left arm that is precipitated by exertion, causes the person to stop, and goes away in 10 minutes or less.'4 Doctor-diagnosed ischemia depended on whether the subject reported that a general practitioner or hospital doctor ever suspected or confirmed a heart attack or angina pectoris.
The outcomes were assessed at all three phases. Excluding 230 men and 144 women with any coronary heart disease at phase 1, there were 239 men and 174 women reporting any new coronary heart disease outcome at phases 2 and 3.
Effort-Reward Imbalance
As there was no original measurement of effort-reward imbalance at phase 1, proxy measures (available from the authors) had to be constructed for the crucial components of the model. In the original measurement, adverse personal characteristics of high need for control (high intrinsic effort) were assessed using a welltested scale that contains 29 Job strain was modeled by assigning subjects who simultaneously scored above the median of job demands and below the median ofjob control to the group with job strain. All others were assigned to the "no job strain" category. In an alternative strategy, interaction terms of job demands and job control were introduced into a logistic regression model with the main components. This was done separately for the categorical and continuous work scales.
Statistical Analysis
Logistic regression analyses were used to determine whether effort-reward imbalance and job strain at phase 1 were related to new reports of coronary heart disease during follow-up (phases 2 and 3). In all analyses, coronary heart disease cases at phase 1 Table 1 shows that women reported high effort and low reward conditions more often than men (48% and 41%, respectively). Moreover, men and women in lower employment grades reported effort-reward imbalance more often than subjects in higher grades. This was mainly owing to a higher prevalence of hostility, a blocked career, and poor promotion prospects in the lower grades; work-related overcommitment and competitiveness were more prevalent in the higher grades. High job strain was also somewhat more prevalent among women than among men (self-reported job strain: 17% and 15%, respectively).
The lowest prevalence ofjob strain was found in the highest employment grades.
This was primarily owing to the strong association between high job control and high employment grade level. In the highest grade level, 60% reported high job control compared with 5% in the lowest grade. Job demands were also highest in the higher grades, reported by 45% compared with 10% in the lowest grade level. Similar results were found with the external assessments. Table 2 shows that effort-reward imbalance is associated with elevated risks of subsequent coronary heart disease. The risk of coronary heart disease for men and women who have both high efforts and low rewards is about three times as high as that for subjects with low efforts and high rewards (ORs varied from 2.59 to 3.63). Job strain was not consistently related to new coronary heart disease reports; only the association between self-reported job strain and any coronary heart disease outcome in men was statistically significant (OR = 1.45). The interaction terms of job demands and job control were not statistically significant and not consistently in the expected direction; this is primarily because (strong) adverse effects of high job demands were absent. Nor did low work support affect the coronary heart disease outcomes. These negative findings did not change when additional information from phase 2 was used. Low job control was, however, consistently related to new coronary heart disease reports. Because low job control, as measured on two occasions (phases 1 and 2), was earlier found to have cumulative effects on new coronary heart disease at phase 3,5 subsequent analyses will use the mean of phases 1 and 2 job control to predict new coronary heart disease outcomes at phase 3. (Coronary heart disease cases at phases 1 and 2 were excluded in these analyses.)
The interaction terms between sex and effort-reward imbalance or job control were not statistically significant, so all further analyses were based on the total sample and sex was controlled for in each logistic regression model. Table 3 shows that both effort-reward imbalance and low job control have strong and significant associations with the coronary heart disease outcomes in the total sample. Odds ratios of any coronary heart disease outcome were 3.14, 2.04, and 1.57 for effort-reward imbalance (high efforts and low rewards), self-reported low job control, and extemally assessed low job control, respectively. The association between job control and doctor-diagnosed ischemia was somewhat smaller.
70 American Joumnal of Public Health Subjects with low job control reported effort-reward imbalance conditions more often than subjects with high job control (51% and 36%, respectively). Despite this association, both characteristics were partially independently associated with new reports of any coronary heart disease outcome (Table 4 ). The odds ratios only marginally decreased when job control and effort-reward imbalance were simultaneously adjusted for (model 2). Additional adjustments for employment grade level, negative affectivity, and coronary risk factors only marginally affected the odds ratios for the work characteristics. When grade was controlled for, the odds ratios for selfreported low job control increased strikingly (from 2.04 to 2.44). This was caused not by any unexpected direction of the underlying associations but by the combination of a relatively small number of events (115) with strong associations between low job control, low grade, and effort-reward imbalance. In the fully adjusted model, subjects with high effortlow reward conditions had more than twice the risk of any new coronary heart disease outcome compared with their counterparts without such conditions (OR = 2.15). Low job control had independent effects on new coronary heart disease reports because the odds ratios in the fully adjusted model were 2.38 and 1.56 for self-reported low job control and extemally assessed low job control, respectively.
Discussion
The findings in the Whitehall II study further support the predictive validity of components of two alternative job stress models-the effort-reward imbalance model and the job strain model-for coronary heart disease morbidity. In the latter model, only low job control was related to new reports of coronary heart disease. Hence, subjects experiencing high effort and low reward conditions and subjects with low job control had higher risks of new coronary heart disease than their counterparts in less adverse psychosocial work environments.
Effort-Reward Imbalance
Subjects experiencing a mismatch between their personal characteristics and characteristics of their occupational career had strongly elevated risks of subsequent coronary heart disease. More specifically, competitive, hostile, and overcommitted subjects experiencing poor promotion prospects and blocked careers had the highest risks. The association between this effort-reward imbalance indicator and the coronary heart disease outcomes was present after adjustment for employment grade level, negative affectivity, and coronary risk factors and was not significantly different in men and women. These findings corroborate the results found in male German bluecollar and middle-management populations.8 In a previous paper based on the Whitehall II study, Ferrie and colleagues found adverse health effects from anticipation ofjob loss or job change. 25 Their results may be interpreted as providing further evidence for the importance of "status control" (job insecurity, poor promotion prospects) in the effort-reward imbalance model.
Low Job Control
Low job control also increased the risks of coronary heart disease. However, neither high job demands nor low social support nor the interactions between work characteristics (job strain) were related to the coronary heart disease outcomes. It is possible that specific characteristics of our sample of white-collar workers contributed to the negative findings for high job demands and high job strain. High job demands were more common in the higher employment grade levels and were positively associated with high job control, resulting in a relatively small number of high strain jobs. Our finding corresponds to that in the review by Schnall and colleagues, in which they concluded that 17 of 25 studies that examined main effects found significant associations between job control and cardiovascular outcome, whereas only 8 of 23 studies found significant associations with job demands. 3 The importance of (job) control is further elaborated upon by several investigators.2-28 More details on the association between self-reported and externally assessed low job control and coronary heart disease can be found in another Whitehall H paper. 5 bCoronary heart disease cases at phase 1 were excluded; new coronary heart disease reports at phase 2 or phase 3 were the outcome.
cMean phases 1 and 2 job control; coronary heart disease cases at phases 1 and 2 were excluded; new coronary heart disease reports at phase 3 were the outcome.
strain model. Effort-reward imbalance and low job control were independently related to the coronary heart disease outcomes. When these were controlled for one another and for other potential confounders, the odds ratio for effort-reward imbalance was 2.15 whereas those for low job control were 2.38 and 1.56 for self-reported and externally assessed job control, respectively. This suggests that the further refinement of job stress theories may benefit from integrating theories on control-related personal attributes and theories on actual control over environmental factors, such as daily tasks (job control) and occupational career (status control). The cumulative adverse health impact of low job control and effortreward imbalance indicates that both job stress factors provide supplementary information on relevant stressors in the psychosocial work environment.
Conceptual Overlap between Job Stress Models
Possible conceptual overlap between the effort-reward imbalance model and other models needs to be explored in further studies. First, job demands and work support from the job strain model closely resemble extrinsic efforts and esteem rewards from the effort-reward imbalance model. However, the effort-reward imbalance model attaches much importance to the perception and appraisal of adverse work conditions, whereas the job strain model focuses attention primarily on the "objective" psychosocial work environment (we used both self-reported and objective measures ofjob control). 2 Second, there might be overlap with hostility, which on its own has been shown to be strongly related to future coronary heart disease.30 Although the odds ratios of our imbalance indicator did not change substantially when the total 38-item hostility scale was controlled for, the theoretical and empirical contribution of hostility to effortreward imbalance is worth some further elaboration. Third, it has also been suggested that the adverse personal characteristics (e.g., competitiveness or hostility) in the effort-reward imbalance model could be the result of low job control and high job demands. If bModel 1 additionally adjusted for other work characteristics. Effort-reward imbalance was adjusted for extemally assessed job control (findings were similar when mean self-reported job control was adjusted for); mean self-reported job control was adjusted for effort-reward imbalance; externally assessed job control was adjusted for effort-reward imbalance. cCoronary heart disease cases at phase 1 were excluded; new coronary heart disease reports at phase 2 or phase 3 were the outcome. dMean phases I and 2 job control; coronary heart disease cases at phases 1 and 2 were excluded; new coronary heart disease reports at phase 3 were the outcome.
results show that 87% of subjects reporting a myocardial infarction at phase 3 had documented coronary heart disease. Furthermore, the classic coronary risk factors were related to both doctor-diagnosed ischemia and angina pectoris, suggesting that the endpoints do reflect coronary heart disease, not just reporting bias. Despite the likely different levels of sensitivity and specificity of both endpoints, effort-reward imbalance and low job control show consistent associations with both angina and doctor-diagnosed ischemia. This supports an etiological hypothesis. Future analyses will examine the effects of effort-reward imbalance and low job control on fatal and non-fatal myocardial infarction and biological mechanisms.
Second, small numbers did not permit extensive analyses of the associations between employment grade level, job control, effort-reward imbalance, and coronary heart disease. Because the interaction between grade and any of the job stress factors was never statistically significant, we would not expect different effects of work characteristics among grades. The absence of "confounding by" or "interaction with" employment grade level suggests that the association between work and coronary heart disease does not depend on employment grade level. A related issue is the extent to which work contributes to the inverse association between employment grade level and coronary heart disease in Whitehall II. This is further investigated in another paper, which concludes that much of the inverse social gradient in coronary heart disease incidence in Whitehall II can be attributed to differences in the psychosocial work environment.32
Third, some further methodological issues need to be addressed. Although the three-category effort-reward imbalance indicator reflects a mismatch between efforts and rewards, there was no significant (multiplicative) interaction term between our proxy measures of efforts and rewards in the logistic regression analysis. This should be further elaborated upon using original effort and reward measures. The high number of subjects whose effortreward imbalance scores were not available, mainly owing to a delayed inclusion of the hostility scale in the phase 1 questionnaire, probably did not bias the results because these subjects did not differ from the other group in their risk of newly reported coronary heart disease. Moreover. using an imputation method did not result in substantially different odds ratios for the effort-reward imbalance indicator. Given that individuals with effort-reward imbalance, low job control, angina pectoris, and doctor-diagnosed ischemia at phase 1 had somewhat lower participation rates at phases 2 and 3, it is likely that the impact of effort-reward imbalance and low job control on newly reported coronary heart disease is somewhat underestimated in these analyses. Controlling for whether individuals had left the civil service did not affect the results. Theoretically, infonnation bias may have caused overestimated odds ratios in our analyses because a complaining attitude regarding work and health (negative affectivity) may have resulted in negative reports about job control, effort-reward imbalance, and coronary heart disease. [33] [34] [35] [36] However, because baseline cases were excluded in a longitudinal setting and negative affect balance was controlled for, it is unlikely that negative affectivity biased the results.1922
Conclusion
Low job control and high cost/low gain conditions influence the development of heart disease among men and women working in British government offices. The finding that competitive, overcommitted, and hostile subjects with a less successful occupational career and low job control have higher risks of coronary heart disease underscores the advantage of a job stress model combining personal and environmental factors. To our knowledge, this is the first report showing independent effects on coronary heart disease of components of two alternative job stress models: the effortreward imbalance model and the job strain model (ob control). FZ
